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TRIARYL COMPOUNDS 



The present invention relates to triaryl compounds, panicularly biphenyl pyridines, 
biphenyl benzanudes and bipheny) phenylcarboxy compounds, processes for their production, 
their use as pharmaceuticals and pharmaceutical compositions comprising them. 



or 



Specifically, the invention provides a (4-oxy-3-(aryl)phenyl) -azaryl 
arylcarbonyloxy compound, in free or pharmaceutically acceptable acid addition salt form, for 
use as a pharmaceutical, e.g. for use in the treatment or prophylaxis of inflammation, 
particularly inflammatory or obstructive diseases of the airways, e.g. asthma. 

In a further embodiment the invention provides a pharmaceutical composition 
comprising a (4-oxy-.^-(aryl)phenyl) -azaryl or -arylcarbonyloxy compound, in free or 
pharmaceutically acceptable acid addition salt form. e.g. in combination with a 
pharmaceutically acceptable diluent or carrier. 

In a yei further embodiment the invention includes the use of a (4-oxy-3-(aryl)phenyl) 
-azaryl or -arylcarbonyloxy compound, in free or pharmaceutically acceptable acid addition 
•salt form, for the preparation of a medicament for treatment or prophylaxis of inflammation, 
panicularly inflammatory or obstructive diseases of the airways, e.g. asthma 

In a still yet funher embodiment the invention provides a method for treatment or 
prophylaxis of mnammaiion. panicularly inflammatory or obstructive diseases of the airways, 
e.g. asthma, comprising administering an effective amount of a (4-oxy-3-(aryl)phenyl) -azaryl 
or -arylcarbonylo.xy compound, in free or pharmaceutically acceptable acid addition salt form, 
to a subject in need of such therapy. 
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The (4-oxy-3-(aryl)phenyl) -azaryl or -arylcarbonyloxy compounds of the invention 
and their pharmaceutically acceptable acid addition salt fomns are hereinafter referred to as 
AGENTS OF THE INVENTION. In these compounds, the 4-oxy moiety is suitably 
(optionalJy nuoro-substituted)aJkoxy, e.g., (fluoroo-.v)C|.4alkoxy, e.g. methyl, ethyl, 
difluoromethyl, or trifluoromethyl. The 3-aryl moiety is suitably a mono- or bicyclic moiety 
having at least one aromatic ring, e.g., azaryl, for example pyridyl, CMaJkylpyridyl, or 
quinolinyl: aromatic 2,5-cyclohexadien-3,4-ylidine-l-yl, e.g., benzofurazanyl or 
benzofuranyl; or phenyl, preferably suitably substituted, e.g., meta- and/or para-substituted, 
with (i) one or two substitulents selected from nitro, carbamoyl, halo (e.g., chloro), 
trifluoromethyl, alkoxy (e.g. Ci.aalkoxy), ihioalkoxy (e.g. thio(Ci.4)alkoxy), alkylsulphoxy 
(e.g. C,.4alkyisulphoxy), alkylsulphonyl (e.g. Ci^alkylsulphonyl), cyano. or phenoxy, or (ii) a 
bridging substituent of 3-5 atoms in length wherein the bridge atoms are selected from C, O, 
S, and N, e.g. indanyl, benzopyrolidonyl, indanonyl, or benzodioxolanyl. By "azaryl" is 
meant a nitrogen-containing aromatic group, for example, pyridine, e.g., 3-pyridine or4- 
pyridine, quinoline, isoquinoline, imidazopyridine (e.g. imidazo[K2-a]pyridine or benzamide, 
e.g., 3- or 4- benzamide. By "arylcarbonyloxy" is meant an aryl moiety, e.g. as defined above 
for the 3-ar>'l moiety, bearing at least one carbonyloxy substituent, e.g. in free acid, ester, 
amide or salt form, preferably a phenylcarboxy moiety, e.g. a phenyl-3- or phenyl-4-carboxy 
moiety, such a.s a phenyl carboxylic acid or phenyl carboxylate ester (e.g. lower alkyl phenyl 
carboxylaie ester) or phenylcarboxamido moiety. Halo or halogen as used herein refers to F, 
CI, Br or I unless otherwise indicated. 



AGENTS OF THE INVENTION include compounds which are known per se but for 
which no pharmaijeuiical activity has been described or suggested. Thus Jin el al. (Macromol. 
Symp. (1995), 96 [International Conference on Liquid Crystal Polymers 1994] , 125-134) 
describe methy]-4*-methoxy-3'-phenylbiphenyl-4-carboxylaie and 4'-acetoxy-3'- 
phenylbiphenyi-4-carboxylic acid as intermediates in the preparation of copolyester liquid 
crystal materials. Buu-Hoi ei al. (J. Org. Chem. 21. [1956], 136-138) describe the preparation 
of 2-{6-meihoxy-biphenyl-3-y] )-quinoline and anolgues thereof funher substituted in the 
qumoline ring by methyl or phenyl at position 3 and/or by carboxy at position 4, and (J. Org. 
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Chem. 29, [1964], 762-763) aJso describe the preparation of 2-(6, 2^-diniethoxy-biphcnyl-3- 
yl)-quinoline and analogues thereof further substituted in the quinohne ring by methyl at 
position 3 and/or by carboxy at position 4, Buu-Hoi et al. do not identify any utility or activity 
for these quinoline compounds. Du Pont Belgian patent 652,320 describes the preparation of 
5-(6-meihoxy-biphenyl-3-yl)-2-meihyl thiazole as an intermediate in the preparation 5.5'- 
diphenyithiazolecarbocyanine sensitisers of silver halide emulsions for photographic use. 

Accordingly the present invention provides a (4-oxy-3-(aryl)phenyl) -azaryl or - 
arylcarbonyloxy compound, e.g. wherein the 4-oxy, 3-ajyl, azaryl and arylcarbonyloxy 
moieties arc as defined above, provided 

that the 3-ar\'l moiety is not unsubstiiuted phenyl when 

the arylcarbonyloxy moiety is phenyl-4-carboxylic acid or phenyl-4- 
methylcarboxylate, or 

the azaryl moiety is 5-methylthiazol-2-yK or 
that the 3-aryl moiety is not unsubstituted phenyl or 2-methoxyphen- 1 -yl when 

the azaryl moiety is unsubstituted 2-qumoline or 2-quinoline substituted by 
methyl or phenyl at position 3 and/or by carboxy at position 4, 
or a pharniaccuiically acceptable acid addition salts thereof. 

The novel compounds of this aspect of the invention are encompassed by the 
AGENTS OF THE INVENTION. 



The AGENTS OF THE INVENTION may exist in free form or in the form of 
pharmaccutically acceptable acid addition sails. Pharmaccutically active acid addition salts 
for use in the present invention include for example chlorhydraics, oxalates and fumarates. 

In panicular. the invention provides an AGENT OF THE INVENTION which is a 4- 
(oxy)-3-(phenyi or (2.5-cycIohexadien-3,4-ylidine- 1 -yl) J-phenyl-azaryl or -arylcarbonyloxy , 
in free or pharmaceuiically acceptable acid addition salt form. Optionally, the 3-phenyl 
moiety is substituted, e.g. 3- and/or 4- substituted. The 2,5-cyclohexadien-3,4-ylidine- 1 -yi 
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moiety is preferably a 2,5-cyclohexadien-3,4-N-ylidine-l-yl moiety, preferably aromatic. 
Preferably, the oxy moiety is alkoxy, e.g. Ci-4alkoxy. The azaryl moiety is preferably 
pyridine, e.g., 4-pyridine, imidazopyridine, e.g. 6-imida2o[l,2-a]pyridine, or benzamide, e.g., 
3- or 4-benzamide. Preferably the arylcarbonyloxy moiety is phenylcarboxy, e.g. phenyl-3- or 
-4-carboxy. For example, the AGENTS OF THE INVENTION include a (2-(C,.4alkoxy)- 
biphenyl-5-ylJpyridine, [2-{CMaikoxy)-biphenyl-5-yl]benzamide or [2-(C,.4alkoxy)-biphenyl- 
5-yl]phenylcarboxy wherein the biphenyl moiety is optionally 3'- and/or 4*-substituted or 
optionally 3'.4*-fused to a second aromatic ring, preferably a compound of formula la or 
formula lb: 




wherein 

in formula la W is N or C-CO-R. 

wherein R is OH. 0-(C, ^)alkyl or NR1R4 

wherein and Rj which may be the same or different are H or (C|,6)alkyl, or 

in formula lb Az is an azaryl group containing one or more nitrogen atoms, such as quinoline, 
isoquiniiine. indole, imidazopyridine, e.g. imidazof 1 ,2-a]pyridine, 

and in both formula la and lb 

Ri is (C|.4)a!kyl. preferably meihyl: and 

R: is a phenyl moiety, e g . of formula II 
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II 



wherein R. and are. independently, H, nitro, halo (e.g., chloro), trifluoromethyj, 
(C,,4)aIkoxy. cyano. or phenoxy; or R5 and R^ together form a bridge of 3-5 atoms in length 
wherein the bridge atoms are selected from S, O, N, and C, e.g. -OCH.O-. or propylene; 

or R2 is a 2,5-cyclohexadien-3,4-ylidine- 1 -yl moiety, e.g.. of formula III 




III 



wherein R7 and Rk together form an aromatic bridge of 3-5 atoms in length wherein the 
bridge atoms are selected from S, N, and e.g.. =N-0-N= ; 
in free or pharmaceuiically acceptable acid addition salt form. 



Most preferably, R: is selected from 3-niirophenyl, 3-(iriniJoromethyl)phenyl, 3- 
cyanophenyl, 3- or 3,4-halophenyl (e.g., 3-chloropheny] or 3-chloro-4-nuorophenyl), indan-5- 
yl, bcnzofura2an-5-yI, and K3-benzo[i/]dioxolan-5-yl. 



Compounds of formula I thus include: 

1. 4-f2-(meihoxy)-biphenyI-5-yl)pyridine 

2. 4-[2-(methoxy)-3'-(nitro)biphenyl-5-yl)pyridme 

3. 4-(2-(methoxy)-3'-(tnnuoromethyI)biphenyI-5-yl]pyridine 

4. 4-[2-(methoxy)-3\4'-(propylene)biphenyl]pyridme 

5. 4 [4-(methoxy)-3-(benzofurazan-5-yl)phenyl)pyridine 
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6. 4-[2-(methoxy)-3'-<cyano)biphenyl-5-yl]pyridine 

7. 4-(2-(incthoxy)-3'-(chloro)biphenyl-5-yJ]pyridine 

8. 4-[2-(methoxy)-3\4'-{methylenedioxy)biphenyl-5-yl]pyridine 

9. 4-[2-(methoxy)-3'-(phenoxy)biphenyl-5-yIJpyridine 

10. 4-[2-(methoxy)-4'-(phenoxy)biphenyl-5-yl]pyridine 

1 1 . 4-[2-(Methoxy)-3'-(chloro)-4*-(fluoro)biphenyl-5-yl]pyridine 

12. 4'-Methoxy-3'-(benzofurazan-5-yl)-fl,r-biphenyl]-4-carboxamide 

13 4'-Methoxy-3'-(3.nitrophenyl).[lJ'-biphenyl]^-carboxylic acid, ethyl esier 

14 4'-Methoxy-3'-(3-niirophenyl)-[Kr^biphenyl]-3-carboxylic acid, ethyl esier 

15 4'-Methoxy-3-methyl-3'-(3-niirophenyl).[Kr-biphenyl]-4-carboxylic acid, 
ethyl ester 

16 3'-(5-Benzofura2anyl)-4'-methoxy-[I,r-bipheny!]-4-carboxylic acid, ethyl 
ester 

17 3*-(5-Benzofura2anyl)-4'-methoxy-[Kr-biphenyl]-4"Carboxyiic acid, 2,2- 
dimethylpropyl ester 

18 3'-(5-Benzofura2anyI)-4'-methoxy-[l,r-biphenyI]-4-carboxylic acid 

1 9 4'-Meihoxy-3^-(3-nitrophenyI)-{ 1 . r-biphenyi]-3-carboxylic acid 

20 4'-Methoxy-3-methyI-3'-(3-nitrophenyI)-1 1 , 1 ^-biphenyl]-4-carboxyhc acid 

21 3*-(5-Benzofura2anyl)-4'-methoxy-| Kr.biphenyI]-4-carboxylic acid 

22 4*-Melhoxy-3'-{3-chlorophenyi)-(l,r-biphenyl]-4-carboxylic acid 

23 4'-Methoxy-3'-(3-cyanophenyl)-(Kr-biphenyI]-4-carboxylic acid 

24 4'-Methoxy-3'-(3-niirophenyl)-{l,r-biphenylM-carboxamide 
23 4'-Methoxy-3'-(3-nitropheny])-[ 1 , 1 '-biphcnyl]-3-carboxamide 

26 4*-Meihoxy-3-mcthyl-3'-(3-niirophenyl)-[lJ'-biphenyl]-4-carboxamide 

27 N.Methyl-4'-methoxy-3'-(3-nitrophenyl)-(l,r-biphenyl]-4-carboxamide 

28 6-[4-Methoxy-3-(5-benzofurazanyi)phenyl]iinidazo[ I,2-a]pyridine 



in free or pharmaceutically acceptable acid addition, e.g., hydrochloride, sah form. 
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Compounds of formula I are suitably prepared by reacting a compound of formula V 
or formula Tb: 




wherein X is haJogen(preferably bromine) or a leaving group, such as a tin or boron 
comainmg group (preferably -BCOH).), and Ri, W and Az are as defined above for formula I 
and lb, with the desired activated aryl, e.g., aryl halide or aryl boronic acid, for example, a 
compound of formula Ila or Ilia: 



Y 




wherein Y is halogen (preferably bromine) or a leaving group, such as a tin or boron 
containing group (preferably -B(OH):). and the R groups are as defined above for Formula 11 
and MI ; and recovering the resulting compound of the invention, e.g., of formula la or lb, in 
free or acid addition salt form. Preferably, one of X or Y is halogen, e.g. bromjne, and the 
other is a leaving group, e.g., -B(OH):. Suitable reaction conditions may include reaction in 
the presence of one or more of the following: a nucleophile such as triarylphosphme 
(preferably tn-o-tolylphosphine or tri-2-furylphosphine); a base such as sodmm carbonate, a 
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solvent such as toluene, aceionitrile, or DMF, and/or a suitable catalyst such as a palladium 
catalyst. Suitable reaction temperatures include from ambient temperature to the boiling 
point of the solvant, e.g., from 20-150**C, preferably 70-90*'C. 

Novel intermediates, especially of formula Ta and Tb, are comprised within the scope 
of the invention. Compounds of formula Ta and Fb can be prepared by a Suzuki- or StilJe- 
type coupling reaction, for example between a 4-alkoxyboronic acid derivative and the 
suitably substituted haloaromatic system, or alternatively prepared from 4-haIopyridine and 
the corresponding Grignard reagent e.g., by reacting 4-bromopyridine with a compound of 
formula R|0-C6H4-MgBr wherein R| is as defined above, in the presence of a suitable 
catalyst, e.g., a nickel catalyst, to obtain the 4-aryl-pyridine, which is then halogenated, e.g. 
by reaction with Br2, to obtain the compound of formula Ta or Vb where X is halogen, and 
optionally further reacting with one or more alkylmetal reagents, e.g., with alkyllithium, e.g., 
butyllithium, followed by reaction with alkylborate, e.g., triethylboraie, to obtain the 
compound of formula Fa or Vb where X is -BfOH):. Compounds of formula Ila or Ilia can 
be prepared analogously, by halogcnation of the aryl, e.g., bromination, optionally followed 
by exchange of the halogen for a leaving group, e.g., -B(OH)2. 

EXAMPLES 

EXAMPLE 1: 4-r2-(Methoxv)hiDhenvl-5-vl]pvridine 
a) 4-(4-Mcthoxvphenvnpvridine 

A solution of 4-meihoxyphenylmagnesium bromide, prepared from 4-bromoanisole (150 g 
0.80 mol) and magnesium (20 g, 0.83 mol) in dry leirahydrofuran (300 mL) is filtered, cooled 
to - lO^C and added cautiously to a stirred mixture of bis-(iriphenylphosphine)nickel (II) 
chloride ( 1.5 g, 2.25 mmol) and 4-bromopyridine hydrochloride (65 g, 0.334 mol) in dry 
letrahydrofuran (300 mL) at 10*^C under an argon atmosphere. After 50% of the Grignard 
reagent had been added a vigorous, exothermic reaction sets in and the temperature of the 
mixture is maintained between 50 and 60"C throughout the rest of the addition by employing 
an ice-methano! cooling baih. When the addition is complete the mixture is stirred for 60 min 
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al 50^C. The solvent is evaporated off under reduced pressure to yield a residue which is 
u-eated with t-butylmethylether (500 mL) and extracted with hydrochloric acid (3 x 300 mL of ^ 
5M). The combined extracts are washed (t-butylmethylether), basified (aqueous NaOH) and 
extracted with 

i-butylmethylether (4 x 300 mL). The combined extracts are dried (Na^SOa) and the solvent is 
evaporated off under reduced pressure to yield the crude product which is purified by 
recrysiallisation from t-butylmethylether-cyciohexane to give 4-(4-methoxyphcny])pyndine 
as a colourless crystalline solid, m.p. 

b) 4-(3-bromo-4-methoxvphenvl)pvridine 

Bromine (26.0 g, 163 mmol) is added to a stirred solution of 4-(4-methoxyphenyl)pyridine 

( ] 3.6 g, 73.5 mmol) in acetic acid (500 mL) and heated at 60''C for 72 h. The mixture is then : 

evaporated to dryness under reduced pressure and the residue is treated with aqueous 

ammonia (400 mL of 6M) and extracted with ethyl acetate (3 x 200 mL). The combined 

extracts arc dried (Na2S04), filtered and the solvent is evaporated off under reduced pressure 

to yield the crude product which is purified by chromatography (silica gel, 95% i-butylmethyl 

cthcr/4.5^ mcthanol/0.59r aqueous NHi(25%)) and recrystailised from eiher-cyclohexane to 

give 4-(3-bromo-4-mcthoxyphenyl)pyridine as a paie-yellow crystalline solid, m.p. 82-84''C. 

c) 4-f2-(Mcthoxv)hiphcnvl-5-vl]pvridine 

A stirred mixture of 4-(3-bromo-4-methoxyphenyl)pyridine (1.32 g, 5 mmol), phenylboromc 
acid (0.67 g. 5.5 mmol), iri-o-iolyiphosphine ( 0.152 g, 0.50 mmol), palladium (II) acetate 
(0.056 g, 0.25 mmol), sodium carbonate (1.06 10 mmol) and water (10 mL) in 
dimethylformamidc (20 mL) is heated at SO'^C for 3 h. The mixture is then treated with water 
( 100 mL) and extracted with ethyl acetate (3 x 80 mL). The combined extracts are washed 
(saturated NaCl), dned (NazSOa), filtered and the solvent is evaporated off under reduced 
pressure lo yield the crude product which is purified by chromatography (silica gel, 98% ethyl 
aceiatc/I .g'Tr cthanoI/0.2% aqueous NHi(25%)) to give 4-[4-methoxy-3- 
(phcnyl)phcnyllpyridjnc base. The base is dissolved in dieihylether (5 mL), treated with 
methanolic HCI (excess), evaporated to dryness under reduced pressure and recrystailised 
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from isopropanol-dieihylether lo give 4-[2-melhoxy-(l,I-biphenyl)-5-yl]pyridine, 
hydrochloride as a pale-yellow crystalline solid, m.p. 1 80-200^*0, and having the following 
physical characteristics: 

'H-NMR (5 DMSO-rfd): 3.89 (s, 3H), 7.35 (d, J = 8.7 Hz, IH), 7.39 (d, J = 7.2 Hz, IH), 7.45 
(dd, J = 7.1 Hz, J = 7.2 Hz. 2H), 7.58 (d, J = 7,1 Hz, 2H), 7.95 (d, J = 2.3 Hz, IH), 8.08 (dd, J 
= 8.7 Hz. J = 2.3 Hz, 1 H), 8.2 fbroad s, IH), 8.36 (d, J = 6.0 Hz, 2H) and 8,83 (d, J = 6.0 Hz, 
2H). 

EXAMPLE 2: 4-f2-(methoxv)-3^-(nitro)biphenvN5-vnpvridine 

This compound is prepared analogously lo example 1 using 3-(nilro)phenylboronic acid in 
place of phenylboronic acid to yield the title compound, m.p. MS-ISO'^C. 

EXAMPLE 3: 4-r2-(methoxv)-3^- trifluoromethvnbiphenvl-5-vl1pvridine 
This compound is prepared analo-^>usly to example 1 using 

3-(trinuoromethyl)phenylboronic acid in pbce of phenylboronic acid to obtain the title 
compound as the hydrochloride, m.p. 103-1 06*^0. 

EXAMPLE 4; 4-l2-(Methoxv)-3\4'-(propvlene)biphenvl]pvridine 
a) Indan-.'^-boronic acid 

A soiuiion of n-huiyllithium in hexane ( I 3.2 mL of 1.6 M, 21 mmol) is added to a stirred 
solution of 5-bromo-indane (1,06 g, 4 mmol) in dry letrahydrofuran (30 mL) at -75°C under 
an argon atmosphere. The mixture is stirred for 30 min at -65**C, then treated with 
iriethylhorate (3.07 g, 21 mmol) and stirred for 60 min at -50°C. The resulting mixture is 
allowed to warm lo 0**C and then treated with a saturated aqueous solution of ammonium 
chloride (60 mL) and extracted with ethyl acetate (2 x 80 mL). The combined extracts are 
dried (Na:SOj), filtered and the solvent is evaporated off under reduced pressure to yield the 
crude product which is purified by chromatography (silica gel, 50% ethyl acetate in hexaen) 
and recr\ staliised from ethyl acctaie-hexane to give indan-5-boronic acid as a colourless 
cr\'stallme solid. 
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b) 4-f2-(Methoxv)-3'.4'-(propvlene)biphenvl )pyridinp 

Utilising the procedure described in Example 1 c). but employing indan-5-boronic acid in 
lieu of phenylboronic acid yielded a crude product which is puriHed by chromatography 
(silica gel, 98% ethyl acctate/1.8% ethanol/0.2% aqueous NH3(25%)) to give 4-[2-(methoxy)- 
3\4'-(propylene)biphenyl]pyridine base. The base is dissolved in acetone (5 mL). treated with 
methanolic HCI (excess), evaporated to dryness under reduced pressure and recrystallised 
from isopropanol -ether to give 4-[2-(methoxy)-3',4'-(propylene)biphenyl]pyridine, 
hydrochloride as a pale-yellow crystalline solid, m.p. 185-205°C. and having the followino 
physical characteristics: 

'H-NMR (S DMSO-J6): 2.06 (m, 2H), 2.91 (m, 4H), 3.07 (s, 3H), 7.27-7.32 (m, 2H). 7.33 (d. 
J = 8.7 Hz, IH), 7.4i (s, 1 H), 7.93 (d. J = 2.5 Hz, IH), 8.07 (dd, J = 8.7 Hz, J = 2,5 Hz. IH), 
8.42 (d. J = 6.0 Hz, 2H) and 8.86 (d, J = 6.0 Hz, 2H). 

EXAMPLE 5: 4-f4-Methoxv-3-(5-benzofurazanvl)phenvilpvridine 
a) 4-(5-benzofura7anv])phenvlhoronic acid 

Utilising the procedure described in Example Ic), but employing 5-bromobenzofuran in lieu 
of 4-(3-bromo-4-methoxyphenyl)pyridine yielded a crude product which is purified by 
recrystallisaiion from ethyl acetate-hexane to give 4-{5-benzofurazanyl)phenyJboronic acid as 
a beige crysialimc solid, m.p. >300'^C, and having the following physical characteristics: 
' H-NMR (5 DMSO-t/6 + D.O): 3.66 (s, 3H), 7.84 (d, J = 9. 1 Hz, 1 H), 7.95 (d, J = 9. 1 Hz, 
IH), and 8.37 (s, IH). 



b) 4-14-Mcthoxv-3-(5-benzofurazanvhphenvllpvndine 
Utilising the procedure described in Example I c), but employing 4-(5- 
benzofurazanyOphenylboronic acid in lieu of phenylboronic acid yielded a crude product 
which is purified by chromatography (silica gel, 98% ethyl aceiate/1,8% ethanol/0.2% 
aqueous NH^(25%)) and recrystallised from ethyl acetate-hexane to give 4-f4-Methoxv-3-f5- 
benzofurazanyDphcnyllpyridme as a beige cr>^stalline solid, m.p. ]87-J92°C. 
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EXAMPLE 6: 4-r2-Methoxv-y-cvano-f Lr-hiphenylvS-vllpY riHinP 
a) 2-Methoxv-S-r4-pvridinvl)phenvlboronic aciH 

A solution of n-butylJithium in hexane (1.7 mL of 2.5 M, 4.25 mmol) is added to a stirred 
solution of 4.(3-bromo-4-methoxyphenyl)pyridine (Example 1 b; 1.06 g, 4 mmol) and 
iriethylboraie (0.62 g, 4.2 mmol) in dry tetrahydrofuran (20 mL) at -85^C under an argon 
atmosphere. The mixture is stirred for 15 min at -80*^C, then treated with a saturated aqueous 
solution of ammonium chloride (60 mL) and extracted with ethyl acetate (2 x 80 mL) The 
combined extracts are dried (Na2S04), filtered and the solvent is evaporated off under 
reduced pressure to yield the crude product which is purified by recryslallisation from ethyl 
aceiate-hexane to give 2-methoxy-5-(pyridin-4-yljphenylboronic acid as a beige c^>^slallinc 
solid, m.p. 194-200'*C, and having the following physical characteristics: 
'H-NMR (5 DMSO-Jrt): 3.88 (s, 3H), 7.13 (d, J = 8.7 Hz, IH). 7.68 (d, J = 6.1 Hz, 2H), 7,88 
(s, IH).7.85(dd. J = 8.7 Hz, J = 2.4 Hz, IH), 7.97 (d, J = 2.4 Hz, 1 H) and 8.60 (d, J = 6. 1 
Hz, 2H). 



h> 4-f2-{Mcthn\v)-3^-(cvano)biphenvl-5-vl1pvndine 

A siirrcd mixture of 3-bromobenzoniirile ( 0.91 g, 5.0 mmol), 2-Methoxy-5-(pyridin-4- 
yI)phenylboronic acid (0.50 g. 2.3 mmol), tri-o-tolylphosphine ( 0,152 g, 0.50 mmol), 
palladium (II) acciaie (0.056 g, 0.25 mmol), .sodium carbonate ( 1 .59 g, 15 mmol) and water 
(15 mL) in dimcthylformamide (46 mL) is healed at 80°C for 5 h. The mixture is then treated 
with water (100 mL) and extracted with ethyl acetate (3 x 80 mL). The combined extracts arc 
dried (NajSOj). filicred and the .solvent is evaporated off under reduced pressure to yield the 
crude product which is purified by chromatography (silica gel, ethyl acetate) to give 4-(4- 
meihoxy-3-(phcnyl)phenyl]pyr!dine ba.se. The ba.se is dissolved in diethylether (5 mL), 
treated with methanolic HCJ (excess), evaporated to dryness under reduced pressure and 
recrystaliised from cihanol-elher to give 4-[2-methoxy-3'-cyano-biphenyl-5-yi]pyridine, 
hydrochloride as a paie-yellow crystalline solid, m.p. 142-150"C. 

The following compounds arc prepared analogously by utilising (he appropriate aryi 
bromides: 
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EXAMPLE?: 4-r2-(Methoxv)-3'-(chloro)biphenv]-5-vl]pvndine hyrlmrhir^rirj^ tti p 156- 
2I0^C. 

EXAMPLES: 4-f2-(Methoxv)-3^4^-(mcthvlenedioxv)biphenvl-5-vi]pvridine . m p 168- 
17l'C 

EXAMPLE 9: 4-f2-(MethoxvV3^-(phenoxv)biDhcnvl-5-vnpvridine hydrochloride, m.p. 184- 
204°C. 

EXAMPLE 10: 4-f2-(Methoxv)-4^-fphenoxv)biphcnvl-5-vl1pvridine . hydrochloride, m.p. 
173-218°C. 

EXAMPLE 1 1: 4-[2-(Methoxv)-3WchloroM^rfluoro)biphenvl-5-vi]p vridine hydrochloride, 
m.p. I 15^ 

Compounds of Formula I having benzamide or phenylcarboxy in lieu of pyridyl are prepared 
analogously. 

EXAMPLE 12: 4'-Me(hoxv-3'-(benzofurazan-5-vi)-f 1 . ! ^-biphenvi] -4-carboxamide 
^) 4'-Methoxv>f 1 . r-biphenvl]-4-carboxvhc acid, ethvi ester 
A stirred mixture of 4-bromobenzoic acid, ethyl ester (23.6 g, J03 mmol), 4- 
methoxyphenylboronic acid (15.6g, 103 mmol). ietrakis(triphenylphosphine)palladium (0) 
(2.0 g, 1.73 mmol) and powdered caesium fluoride (30.0 g. 2{X> mmol) in 1,2- 
dimethoxyeihanc (300 mL) is heated at SS^'C for 3 h. The mixture is then treated with water 
(500 mL) and extracted with ethyl acetate (3 x 100 mL). The combined extracts are washed 
(saturated NaCI). dried (Na:S04), filtered and the solvent is evaporated off under reduced 
pressure to yield the crude product which is purified by chromatography (silica gel, 5% ethyl 
acelatey939r cyciohcxane) to 4'-methoxy-( M '-bipheny!)-4-carboxyIic acid, ethyl ester as a 
colourless crystal i me solid, m.p. 103- 1()4°C. 
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The following compounds are prepared analogously by utilising the appropriate 
bromobenzoic acid esters and aryl boronic acids: 
4'-Methoxy-[ 1 , 1 '-biphenyI]-3-carboxylic acid, ethyl ester. 
4'-Methoxy-3-methyl-[l,r-biphenyl]-3-carboxylic acid, ethyl ester. 

b) 3'-Bromo*4^-methoxv-f l.r-biphenvn-4'carboxvlic acid, ethvl ester 

A solution of bromine (14.6 g, 91 .3 mmol) in carbon tetrachloride (100 mL) is added to a 
stirred mixture of 4'-Methoxy-( 1 . 1 '-biphenyI]-4-carlx)xyljc acid, ethyl ester (23.4 g, 9 1 .3 
mmol) and silica gal ( ICK) g of particle size 0.040-0.063 mm; Merck 1.09385) in carbon 
leirachloride (350 mL). The mixture is stirred al 20°C for 4 h after which the silica gel is 
removed by filtration. The filtrate is washed with aqueous sodium hydrogen carbonate (200 
mL of 1 M) followed by aqueous sodium thiosulphate (50 mL of 2 M), dried (Na2S04), 
filtered and evaporated to dryness under reduced pressure to give the crude product which is 
recrystallised from ether-cyclohexane to give 3'-bromo-4'-methoxy-[ 1. r-biphenyl]-4- 
carboxylic acid, ethyl ester as a colourless crystalline solid, m.p. 114-1 \ 5°C. 

The follou ing compounds are prepared analogously by utilisii j the appropriate esters: 
3'-Bromo-4*-methoxy-[ l,r-biphenyl]-3-carboxylic acid, ethyj ester, m.p. 88-90'*C. 
3'-Bromo-4 -methoxy-3-meihyl-[l,r-biphenyl)-4-carboxylic acid, ethyl ester, m.p. 84-87°C, 

c) 3'-Bromo-4^-methoxv-F 1 . 1 *-biphenvl]-4-carboxvlic acid 

A stirred mixture of 3'-bromo-4'-meihoxy-[l.r-biphenyl]-4-carboxylic acid, ethyl ester (28.8 
g, 86 mmol) and aqueous sodium hydroxide (35 mL of 2 M) in ethanol (690 mL) is heated at 
90**C for 2 h. The cooled mixture is then acidified with hydrochloric acid (200 mL of 1 .0 M) 
and the resulting precipitate is filtered off and dried to give 3'-bromo-4'-methoxy-[l.r- 
biphenylJ-4-carboxylic acid as a colourless crystalline solid. 
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d) 3'-Bromo-4--methoxv-n.r-b}Dhenvl1-4-c arboxvlic acid. 2.2-dimethviprop vl c^tfr 
A stirred mixture of 3'-bromo-4--methoxy-f l.r-biphenyJ]-4-carboxylic acid (19.2 g, 62 5 
mmol) and dimethylformamide (0. 1 mL) in toluene (200 mL) at 20°C is treated with oxalyl 
chloride (1 1.0 mL. 126 mmol).The mixture is then heated at 50°C for 1 h and then evaporated 
to dryness under reduced pressure. The resulting crude acid chloride is dissolved in dry 
tetrahydrofuran (250 mL) and added dropwise to a stirred solution of lithium tert-butylatc in 
tetrahydrofuran (prepared by the slow addition of 32.5 mL of n-butyl lithium to a solution of 
23.5 mL of dry t-butanol in 200 mL of dry tetrahydrofuran at 20°C). The mixture is stirred for 
an additional 2 h. then treated with a saturated aqueous solution of ammonium chloride (400 
mL) and extracted with t-butylethyl ether (2 x 300 mL). The combined extracts are dried 
(Na.SOj), filtered and the solvent is evaporated off under reduced pressure to yield the crude 
product which ts purified by chromatography (silica gel. 207o ethyl acetate in cyclohexane) 
and recr\'stalli.sed from t-butylethyl ether-hexane to give 3'-bromo-4'-methoxy-(l . 1'- 
biphcnylJ-4-carboxylic acid. 2.2-dimcthylpropyl ester as a colourless crystalline solid. 

c) 4-(3-hromo-4-mcthoxvphenvnbenzamide 

Utilizinc the procedure of example lb), but employing 4-(4-methoxyphenyl)benzamide in 
licu ol 4-(4-mcthoxyphenyl)pyridine yields 4-(3-bromo-4-methoxyphenyl)benzamide as a 
beige crystalline solid, m.p. 246-250''C. 

f ) 4'-Meihoxv-3'-(he nzofurazan-5-vl)-f 1 . r-biphenvn-4-carboxamide 
Utilizing the procedure of example 5b). but employing 4-(3-bromo-4- 

mcihoxyphenyDbenzamide in lieu of 4-(3-Bromo-4-methoxyphenyl)pyridine yields a crude 
product which is purified by chromatography (silica gel. ethyl acetate) and recrystallized from 
cthjni>l-cthyl jcctaic lo give the title compound as a beige crystalline solid, m.p. 235-255°C. 



ester 



EXAMPLE 13: 4 .Methoxy-.r-(3-nitrophenvl)-f I . r-biph envn-4-carhoxvlic acid, ethyl 
A stirred mixture of 3--bromo-4--methoxy-I I I •-biphenyl]-4-carboxylic acid, ethyl ester (26.6 
g. 79.3 mmol). 3-niirophenylboronic acid (21.2 g, 127 mmol). tri-o-tolylphosphine ( 2.51 g. 
8.26 mmoO. palladium (II) acetate (0.9! g. 4.05 mmol), potassium carbonate (21.9 g. 159 
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mmol) and water (100 mL) in dimethylformamide (400 mL) is heated at 60X for 2 h. The 
mixture is then treated with water (1000 mL) and extracted with ethyl acetate (3 x 200 mL) 
The combined extracts are dried (Na2S04), filtered and the solvent is evaporated off under 
reduced pressure to yield the crude product which is purified by chromatography (silica gel, 
10% ethyl acetate in cyclohexane) to give 4*-methoxy.3^-(3-nitrophenyl)-[I,r-biphenyI]-4- 
carboxyiic acid, eihyl ester a.s a colourless crystalline solid, m.p. lOd-lOS'^C. 

The following compounds are prepared analogously by utilising the appropriate 
bromobenzoic acid esters and aryl boronic acids: 

EXAMPLE 14: 4^-Methoxv-3'-(3-nitrophcnvn-f l.T-binhenvll-S-carhoxvlic acid, ethvi ^.r^r 
m.p. 87-89°C- 

EXAMPLE 15: 4--Meihoxv-3-methvl-3'-(3-nitroDhenvn-ri.r-hiphenvn-4-carhoxvJic acid 
ethvl ester m.p. 88-90°C. 

EXAMPLE 16: 3'-(.S-BenzofurazanvlM'-mcthoxv-n . r-biphenvll-4-carhoxviic acid, ethyl 
ester m.p. i66-l68^C. 

EXAMPLE 17: 3'-(5-Benzorura7anv[)-4 -methoxv-f 1 . r>hiphenvll-4>carboxvlic acid. 2.2- 
dimethvipropvl ester m.p. 131-136°C. 

EXAMPLE 18: 3'-(5-Benzofura2anvl)-4'-methoxv-fl.r-biphenvlM-carboxvlic acid 
A stirred mixture or4'-meihoxy-3'-(3-nitrophenyI)-f l,r-biphenyI]-4-carboxyIic acid, ethyl 
csicr { 1.88 g, 5 mmol) and aqueous sodium hydroxide f20 mL of 2 M) in ethanol (30 mL) is 
heated at 90"C (or 3 h. The cooled mixture was then acidified wiih hydrochloric acid (100 mL 
of 1 .0 M) and the resulting precipitate is filtered off and dried to give 4'-methoxy-3*-r3- 
niirophenyl)-( IJ "-biphenyl]-4-carboxylic acid as a colourless crystalline solid, m.p. 270-274 

The following compounds arc prepared analogously by utilising the appropriate esters: 
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EX AMPLE 19: 4^-Methoxv-3^-(3-nitrophenvn-r 1 .r-biDhenvl]-3-carhoxvlir ariH 
m.p. 223-228°C. 

EXAMPLE 20: 4^-Methoxv-3-methvl-3^-(3-nitrophenv])-r L r-binhenvll-4-carboxvlic arid 
m.p- 278-28 rC. 

EXAMPLE 2 1 : 3^-(5-Benzofurazanvl)-4^-methoxv-f L 1 ^-hiphenvn-4-carboxvlic acirl 
m.p. >300*'C. 

EXAMPLE 22: 4^>Mc(hoxv>3'-r3-chlorophenvl) -f 1 . r-biphenvll-4>carboxviic acid 
m.p. 250-252°C 

EXAMPLE 23: 4'-Methoxv-3^-(3-cvanophcnv] ) -f L r-biphenvn-4-carboxvlic acid 
m.p. 280-285°C 

EXAMPLE 24: 4'-Mcihoxv-3'-(3-nitrophenvl)-f 1 . r-biphenvn-4-carboxamide 
A soluiion of irimeihylaluminium in lojuene (10 mL of 2.0 M) is added over 30 minutes to a 
stirred suspension of ammonium choride ( L07 g, 20 mmol) in toluene (20 mL) at 5°C under 
an argon atmosphere. The mixture is stirred ai 20°C for 2 h, treated with a solution of 4*- 
meihoxy-3'-(3-niirophenyl)-(Lr-biphenyl]-4-carboxylic acid, ethyl ester (1.65 g, 4.3 mmol) 
in toluene (40 mL) and stirred at 60oC for 18 h. The cooled mixture is washed with 
hydrochloric acid (50 niL of 0.5 M) followed by saturated aqueous sodium chloride (50 mL), 
dried (Na^SOA), filtered and the solvent is evaporated off under reduced pressure to yield the 
crude product which is purified by crystallisation from ethyl acetaie-i-butylethyl ether to give 
4'-methoxy-3'-(3-niirophenyI)-f IJ '-biphenyl]-4-carboxamide as a colourless crystalline 
solid, m.p. 20L205°C. 

The following compounds are prepared analogously by utilising the appropriate esters: 
EXAMPLE 25: 4'-Methoxv-3'-(3-nitrophenvJ)-f IJ '-biphenvn-3-carboxamide 
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m.p. 118-120*'C. 

EXAMPLE 26: 4^-Methoxv-3-methvl-3'-n-nitroDhenvn-riM ^-biphen vl1-4-carhoxamtWA 
m.p. 179-184°C 

EXAMPLE 27: N-Methv]-4^-methoxv-3^-n-nitroDhenvn-rKr-biDhenvn-4-carboxamidp 

Utilising the procedure described in Example 24, but employing methylamine hydrochloride 

in lieu of ammonium chloride yields a crude product which is purified by chromatography 

(silica gel. 50% ethyl acetate in cyclohexane) and recrystallised from tetrahydrofuran- 

cyclohexane to give N-methyl-4'-methoxy-3*-(3-nitrophenyl)-[Lr-biphenyl]-4-carboxamide 
as a pale-ycllou crystalline solid, m.p. 171-172**C- 

A representative imidazopyridine compound is prepared as follows. 

EXAMPLE 28: 6-f4-Methoxv-3-(5-ben2ofurazanvl)phenvnimidazof 1.2-alDvridine 
a) 5-(2-Hvdroxvphenvl )bcnzofurazan 

A stirred mixture of 5-bromobenzofurazan (1 1.94 g, 60 mmol). 2-hydroxyphenylboronic acid 
(9.10 g. 66 mmol), tri-o-iolyiphosphine (1.82 g. 6 mmol), palladium (II) acetate (0.672 g, 3 
mmol), pota.ssium carbonate (12.4 g, 90 mmol), and water (90 mL) in dimethylformamide 
(180 mL) is heated at SO^'C under an argon atmosphere for 30 minutes. The mixture is then 
treated with water (300 mL) and extracted with ethyl acetate (3 x 100 mL). The combined 
extracts are washed (saturated NaCl), dried (Na^SOa), filtered and the solvent is evaporated 
off under reduced pressure to yield the crude product which is purified by chromatography 
(silica gel. 209c - \00% ethyl acetate in cyclohexane) and recrystallised from ethyl acetate- 
hexane lo give 5-(2-hydroxyphenyl)benzofurazan as a palc-yellow crystalHne solid, m.p. 166- 
I69°C 
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b) 5-f3-Bromo-5-hvdroxvphenvl)benzofurazan 

A stirred mixture of 5-(2-hydroxyphenyI)benzofura2an (1 1,2 g, 52.8 mmol), and 
tetrabutylammonium iribromide (25.5 g, 52.8 mmol) in dichoromethane (530 mL) is stirred ; 
18*=*C for 18 h. The solvent is evaporated off under reduced pressure to yield a residue which 
is treated with water (300 mL) and extracted with ethyl acetate (3 x 100 mL). The combined 
extracts are washed (saturated NaCl), dried (Na2S04), filtered and the solvent is evaporated 
off under reduced pressure to yield the crude product which is purified by recrystaliisation 
from ethyl acetate-hexanc to give 5-(3-bromo-5-hydroxyphenyl)benzofura2an as a pale- 
yeliow crystalline solid, m.p. 1 79-18rC. 

c) 5-(3-Bromo-5-meihoxvphenvl)benzofurazan 

A stirred mixture of 5-(3-bromo-5-hydroxypheny!)benzofurazan (8.70 30 mmol), 
potassium carbonate ( 14.42 g, 90 mmol) and methyl iodide (2.83 mL, 45 mmol) in 
dimethyiformamide (100 mL) is stirred at ]8°C for 16 h. The mixture is then treated with 
water (600 mL) and extracted with ethyl acetate (3 x 150 mL). The combined extracts are 
washed (saturated NaCI), dried (Na.SOa), filtered and the solvent is evaporated off under 
reduced pressure to yield the crude product which is purified by recrystaiiisation from t- 
buiylmcihyl clhcr-hcxane to give 5-(3-bromo-5-methoxyphenyl)benzofurazan as a beiee 
crystalline solid, m.p, I35-137°C. 

dj 6-(Trimethvlstannvl)imidazof 1 .2-a]pvridine 

A stirred mixture of 6-bromoimidazo( 1 .2-a]pyridine (2.36 g, 12 mmol), hexamethyldiiin (5.0 
g, 15.3 mmol), triphenylphosphine (496 mg, 1.89 mmol), and 

bis(dibenzy!idjncacetone)palladium(0) (270 mg. 0.47 mmol) in toluene (120 mL) is heated at 
1 18°C under an argon atmosphere for 6 h. The mixture is then treated with aqueous 
potassium fluoride solution (300 mL of 0.50 M) and extracted toluene (3 x 50 mL). The 
combined extracts arc dried (Na2S04), filtered and the solvent is evaporated off under 
reduced pressure to yield the crude product which is purified by chromatography (silica gel, 
50% ethyl acetate in cyclohcxane) to give 6-(tnmethylstannyI)imidazof 1 ,2-a]pyridine as a 
colourless oil. 
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e) 6-f4-MethoxV'3-f 5-bcnzofurazanvnphenvnimida2ofl.2-a1py ridinp 
A stirred mixture of 5-(3-bromo-5-methoxyphenyl)benzofurazan (2.44 g, 8 mmol), 6- 
(tnmethyJstannyl)imidazo[K2-a]pyridine (2.2 g, 7.9 mmol), triphenylphosphine (336 mg, 
1.28 mmol), and bis(dibenzylidineacetone)palladium(0) (186 mg, 0.32 mmol) in 
dimethylformamide (60 mL) is heated at 125oC under an argon atmosphere for 36 h. The 
solvent is evaporated off under reduced pressure to yield a crude product u^hich is purified bv 
chromatography (silica gel, 95% ethyl acetate/4.5% ethanol/0.5% aqueous NH3 (25%)) and 
recrystallised from ethyl acetate - t-butylmeihyl ether to give 6-[4-methoxy-3-(5- 
benzofurazanyl)phenyi]imidazorK2-a]pyridine as a paie-yellow crystalline solid, m.p, 190- 
196°C. 

The AGENTS OF THE INVENTION as defined above, e.g., of formula la or lb, panicularly 
as exemplified, in free or pharmaceutically acceptable acid addition salt form, exhibit 
pharmacological activity and are useful as pharmaceuticals, e.g. for therapy, in the treatment 
of diseases and conditions as hereinafter set forth. 

In particular AGENTS OF THE INVENTION exhibit cyclic nucleotide phosphodiesterase 
(PDE) isoenzyme inhibiting activity, selective for type 4 isoenzyme. 

AGENTS OF THE INVENTION possess anti-inflammatory, anti-airways hyperreactivity and 
bronchodilator properties. They further possess immunosuppressive, TNFa secretion 
inhibitory and other pharmacological activities as may be demonstrated in standard test 
methods for example as follows: 

A. PDE4 inhibition: Recombinant PDE4A. PDE4B. PDE4C and PDE4D isoenzvme 
inhibition assays. 



Cloning and expression; PDE4 cDNA coding for the four isoenzymes, human PDE4A (as 
described by SuHivan ei a!.. Cell Signal 1994; 6:793-812), rat PDE4B (as described by 
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Colicelli el aL, Proc. Nail. Acad. Sci. USA 1989; 86:3599-3903), human PDE4C (as 
described by EngeJs et aJ., reBS Lett. 1995; 358:305-310), and human PDE4D (as described 
by Baecker et al.. Gene 1994; 138:253-256) is cloned either into an extrachromosomal yeast 
expression vector (PDE4C, PDE4D) or integrated (PDE4A. PDE4B; single copy) at the pep4 
locus of a Saccharomyces cerevisiae strain lacking both of the wild-type yeast PDE genes 
Yeast strains expressing PDE4 isoenzymes are grown in 1 1 cultures at 30°C, pelleted and 
frozen until homogenization. 

Homogenizalion: Pelleted yeast (5 mL) is suspended in 50 mL of buffer ( 1 0 mM tris- 
hydroxymcthylaminomethanc, I nxM ethylenediamine-tetraaceiic acid, 1 mg/mL each of 
leupeptin and pepstatm A, 175 mg/mL phenylmethylsuiphonyl fluoride, I mM djthioihreitoK 
pH 7.4 with HCl ). After cenirifugaiion, 1 5 g of glass beads (425-600 mm, acid washed, 
Sigma Chemical Co.) washed with buffer are added to the pellet. To this slurry, I mL of 
buffer and 60 mg of cholamidopropane sulphonic acid are added and the slurry is vigorously 
agitated for 4 h at 4^C. The yeast cells are disintegrated, as observed microscopically (phase- 
contrast optics) as dark cells and is >30% (usually 50%). The slurry is transferred to a coarse 
glass funnel and the homogenate collected by suction and washing of the glass beads with a 
total of 15 mL buffer. Cell fragments are separated from cyiosol by centrifugation (2(XX)xg, 
10 mm. 4°C). The pellet is resuspended in 15 mL of buffer and assayed for PDE activity 
together with the cyiosol. 

PDE assay: The assay protocol is based upon the two-step method described by Thompson et 
al. (Adv. Second Messenger Phosphoprotein Res. 1979; 10:69-92), modified for 96- well 
microtitrc plates. Briefly, enzyme is diluted with homogenization buffer (see above) in order 
to obtain between lO'^r and 30% total substrate hydrolysis during the assay. To stan the 
reaction. 25 mL of diluted enzyme is added to 25 mL of substrate ((3H)-cAMP, 1.25 mM, 
740 Bq) and 75 mL of inhibitor solution (see below). After 30 minutes at 37°C, the reaction is 
stopped m a hot wjier bath (65°C, 5 mmutes). Plates are cooled on ice and incubated for 
10 minutes at 37"C wuh 25 mL of 5'-nucleotidase (Snake venom, from oiophaghus hannah, 
Sigma Chemical Co.. 0.1 mg/mL in water). The unreacted substrate is separated from [3H)- 
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adenosine by sequentially adding aliquois (100+50^-50 mL, ai 5 min intervals) of 30% (v/v) 
Dowex 1x2 slurry (acetate form) in 0.2% (v/v) acetic acid. The Dowex is pelleted by 
cenirifugation (150xg, 5 min). Aliquots of the supemates are transferred onto 96-well, solid- 
phase scintillation plates (LumaPlaie, Canberra Packard) using an automated pipetting device 
(Hamilton MicroLab 2200), dried (at least 4 h at 50°C) and counted (Canberra Packard 
TopCount). 

Inhibitors: Inhibitor stock solutions are prepared in dimethylsulphoxide (DMSO) and diluted 
with water/DMSO to achieve 7 concentrations selected to cover the range of 30% to 70% 
inhibition. The concentration of DMSO is kept constant at 50 mL/mL throughout the assay. 

Determination of inhibition parameters: The concentration at which half-maximal inhibition 
occurs (IC50) and the steepness of the dose-response curve (Hill's coefficient) are determined 
from concentration-inhibition curves by non-linear least-squares fitting to the two-parameter 
logistic equation. Results are expressed as the negative decimal logarithm of inhibitor 
concentration at which half-maximal inhibition is observed (IC50) (in moI/L; pIC50). 95% 
confidence inien als were esiimaied and expressed as pL and pU (negative decimal logarithms 
of the lower and upper confidence iimiis. respectively). Concentrations which cause a visible 
precipitation in the assay are excluded from the analysis. 



In this test method AGENTS OF THE INVENTION predominantly inhibit PDE isoenzymes 
of type 4 having relatively little effect in relation to types K 2, 3 and 7. Within the PDE type 4 
isoenzyme group (i.e. PDE types 4 A lo D) AGENTS OF THE INVENTION generally 
exhibit selectivity for inhibit ion of PDE type 4 D isoenzyme in comparison with the PDE type 
4 A, 4B and 4C isoenzymes. 
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B. Anti-inflammatory activity: Inhibition of eosinophil activation by formyl-MetLeuPh e 
(fMLP) 

Purified human eosinophils ( 10^/welJ in 0.2ml HBSS) are stimulated with fMLP (l^M) m the 
presence of lucigenm (25|iM). Inhibition of the oxidative burst (measured as changes in 
chemiluminescence) is determined from dose response curves using the logistic equation 

AGENTS OF THE INVENTION are active in test methods A and B at concentrations of the 
order of from 0.001 to 5 |iM, generally in the low nM range. 

C. Influence on allergen-induced pulmonary eosinophilia 

Exposure of Brown Norway rats to inhaled antigen (ovalbumin, OA) evokes pulmonary 
eosinophilia that is maximal 48 hours later. In addition to eosinophil numbers, the activation 
status of these cells can be assessed by means of enzymatic activity of the eosinophil granule 
enzyme eosinophil peroxidase (EPO). In the present experiments, inhibition of pulmonary 
eosinophil accumulation by the AGENTS OF THE INVENTION is assessed. 

Ovalbumin ( IO|jg/ml) is mixed fi hour on ice) in a blender with aluminum hydroxide (10 
mg/ml) and injected s.c. coincidentally with a B. pertussis vaccine (0.25 ml/rat i.p.) into male 
Brown Norway rats (ca. 200g). Injection of OA together with adjuvant is repeated 15 and 21 
days later. On day 28, sensitized animals are restrained in plastic lubes and exposed for one 
hour to an aerosal of OA (3.2 mg/ml) using a nose only exposure system. Animals are killed 
48 hours later with phenobarbiial (250 mg/kg i.p.). The lungs are lavaged using 3 aliquois (4 
ml) of Hank's solution (HBSS x 10. 100 ml: EDTA 100 mM, 100 ml; HEPES 1 M, 10 ml; i 
liter water), recovered cells are pooled, smeared air dried and stained to differentiate cell 
types. Cells are identified and counted under oil immersion (x 1 ,000). A minimum of 500 
cells per smear are counted and the total population of each cell type is calculated. 

Test substance is administered intratrachcally I hour prior to and 24 hours after OA 
chaliense. 
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In untreated animals OA challenge induces increase of all cell types in BAL fluid 24 hours 
after challenge. Prior administration of AGEIsTTS OF THE INVENTION at dosages of the 
order of from 0.0 1 to 10 mg/kg reduces eosinophil count in BAL in a dose dependent manner 
as compared with untreated controls. Cell counts for other leucocytes (macrophages, 
neutrophils) are also reduced. 

Having regard to their anti-inflammatory activity, their influence on airways hyperreactivity 
and their profile in relation to PDE isoenzyme inhibition, in particular as selective type IV 
mhibitors, AGENTS OF THE INVENTION are useful for the treatment, m panicular 
prophylactic treatment, of obstructive or inflammatory airways disease. Thus by continued 
and regular administration over prolonged periods of time AGENTS OF THE INVENTION 
are useful in providing advance protection against recurrence of bronchoconstrictor or other 
symptomatic anack consequential to obstructive or inflammatory airways disease or for the 
control, amelioration or reversal of basal status of such disease. 



Having regard to their bronchodilator activity AGENTS OF THE INVENTION are useful as 
bronchodilaiors. e.g. for the treatment of chronic or acute broncho-constriction, e.g. for the 
symptomatic trcuimeni of obstructive or inflammatory airways disease. 

The words "treatment" and "ircaiing" as used throughout the present specification and claims 
in relation to obstructive or inflammatory airways disease are to be understood accordingly as 
embracing both prophylactic and symptomatic modes of therapy. 

In accordance with the foregoing the present invention further provides 

A. A method 

a) for the treatment of airways hyperreactivity, 

b) of effecting bronchodilalion or, in particular. 

c) of treating obstructive or inflammaior>' airways disease. 



wo 97/32853 



-25- 



PCT/EP97A)1157 



in a subject in need thereof, which method comprises administering to said subject an 
effective amount of an AGENT OF THE INVENTION. 

Obstructive or mflammatory airways diseases to which the present invention applies include 
asthma, pneumoconiosis, chronic obstructive airways or pulmonary disease (COAD or 
COPD) and adult respiratory distress syndrome (ARDS), as well as exacerbation of airways 
hyperreactivity consequent to other drug therapy, e.g. aspirin or p-agonist therapy. 

The present invention is applicable to the treatment of asthma of whatever type or genesis, 
including intrinsic and. especially, extrinsic asthma. It is applicable to the treatment of 
allergic (atopic/IgE-mediaied) asthma. It is also applicable to the treatment of non-atopic 
asthma, includmg e.g. bronchitic, exercise induced and occupational asthma, asthma induced 
followmg bacterial infection and other non-allergic asthmas. It is further applicable to the 
treatment of wheezy infant syndrome (infant, incipient asthma). 

The invention is applicable to the treatment of pneumoconiosis of whatever type or genesis 
including, for example, aluminosis. anthracosis, asbestosis, chalicosis, ptilosis, siderosis, 
silicosis, lobacoosis and byssinosis. 

The invention is applicable to the treatment of COPD or COAD including chronic bronchitis, 
pulmonary emphysaema or dyspnea associated therewith. 

The invention is also applicable to the treatment of bronchitis of whatever type or genesis 
including, e.g. acute, arachidic, catarrhal, chronic, croupus or phihinoid bronchitis etc.. 

Having regard lo iheir activity as .selective inhibitors of TNF-a release, AGENTS OF THE 
INVENTION arc also useful for the down-regulation or inhibition of TNF-a release, e.g. for 
the treatment of diseases or conditions in which TNF-a release is implicated or plays a 
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or comprising 



mediating role. e.g. diseases or conditions having an aetiology involvin, 
morbid, for example undesirable, excessive or unregulated TNF-a release, m panicula^ for 
the treatment of cachexia or endotoxin shock and in treatment of AIDS (cf. Sharief et al. 
Mediators of Inflammation, i 323-338 ( 1 992)J. 

The method of the invention is applicable to the treatment of cachexia associated with morb.d 
TNF-a release or TNF-a blood-serum levels of whatever origin, including cachexia 
consequential to. e.g. bacterial, viral or parasitic, infection or to deprivation or deterioration 
of humoral or other organic, e.g. renal function. It is for example applicable to the treatmen, 
of cancerous, malarial and vermal cachexia, cachexia re.sulting from dysfunction of the 
pituitary, thyroid or thymus glands as well as uremic cachexia. It is in particular applicable to 
the treatmen, of AIDS-rela.ed cachexia, i.e. cachexia consequential to or associated with to 
HIV infection. 

The method of the invention is also applicable to the treatment of septic .shock, e.g.. shock 
conditions resulting from bacterial infection, for example toxic or endotox.c shock. In this 
regard i. is ,o be noted that the present invention provides a method for the treatmen, of septic 
-shock a.s .such as well as of condit.on.s consequential ,o or symptomatic of .septic or shock, for 
example ARDS (adult respiratory distress syndrome). The method of the invention ,s also 
applicable ,o other severe acute mnammaiory conditions, for example .severe bums, 
menengitis. and pneumonia. 

The method of the invention is further applicable ,o the treatment of disease consequential to 
HIV infection, e.g. AIDS. e.g. to the amelioration or control of the advance of such di.sea.se. 

Having regard to their profile in relaiion to inhibition of PDE isoenzymes and/or TNFa 
relea.se inhibition, as well as their immunosuppressive activity. AGENTS OF THE 
INVENTION are also u.seful as immunosuppressive agents, e.g. for the treatment of 
autoimmune diseases, in particular for the treatment of autoimmune diseases in which 
innammatory proces.scs are implicated or which have an inflammatory component or 
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aetiology, or as an.i-inflammatoo' agents for the treatment of inflammatory disease 
pan,cular for the treatment of inflammatory disease m whach autoimmune reactions 
imphcated or having an autoimmune component or aetiology. 



Examples of such d.sease to wh.ch the present tnvent.on ,s applicable include autoimmune 
hemato,og,cai disorders (e.g. hemoiyt.c anaem.a, apiast. anaemia, pure red ceH anaemia and 
.d.opa,h.c thrombocytopenia), systemic lupus erythematosus, polychondritis, scleroderma 
Wegener granulomatosis, dermatomyos.tis. chronic active hepatitis, myasthenia grav.s 
Steven-Johnson syndrome, idiopathic sprue, autoimmune inflammatory bowel d.seasc (e o 
ulcerative col,...s and Crohn's disease) endocrine ophthalmopathy. Graves disease 
sarco,dosi.s. alveolu.s. chron.c hypersensitivity pneumon.tis. multiple sclerosis primary 
b.hary c.rrhos.s. juven.le diabetes (diabetes mellitus type I), uveitis (antenor and posterior) 
kcratoconjunctivit.s s.cca and vernal keratoconjunctivitis, interstitial lung Hbrosis psoriatic 
.nhrms and glomerulonephritis (with and Without nephrotic syndrome, e.g. including 
.d,opath,c nephrotic syndrome or mtn.mal change nephropathy), as well as inflammatory 
and/or hypcrprol.fcrat.ve skin diseases such as psonasis atopic dermatitis, pemphigus and .n 
particular, contact dermatiti.s. e.g. allergic contact dermatitis. 

AGENTS OF THE INVENTION are .n particular useful for the treatment of arthrit.s and 
Cher rheumatic or innamma.ory di.sea.se. especially for the treatment of rheumatoid arthritis. 

As imniunosuppressants AGENTS OF THE INVENTION a,, further indicated for use in the 
prevention of graft rejection, e.g. for the maintenance of allogenic organ transplants or the 
l.kc. e.g. in relation to kidney, liver, lung, heart, heart-lung, bowel, bone-marrow, skin or 

corneal (ran.spJant. 

Hav.ng regard to the.r ant-innammatory activity, in pan.cular in relation to inhibuion of 
cosmophil acvafon. AGENTS OF THE INVENTION are also useful for the treatment of 
eosinophil related disorders, e g eosinoph.l.a, .n pan.cular eosinophil related disorders of the 
^.ruays ,e.g .nvolv.ng morb.d eosinophilic .nHltration of pulmonary t.ssues) including 
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hypereosinophilia as it effects the airways and/or lungs as well as, for example, eosinophi!- 
related disorders of the airways consequential or concomitant to Loffler's syndrome, 
eosinophilic pneumonia, parasitic (in particular metazoal) infestation (including tropical 
eosinophilia), bronchopulmonary aspergillosis, polyarteritis nodosa (including Churg-Strauss 
syndrome), eosinophilic granuloma and eosinophil-relatcd disorders affecting the airways 
occasioned by drug-reaction. 

Having regard to their profile in relation to inhibition of PDE isoenzymes, in particular their 
profile as selective type IV inhibitors, AGENTS OF THE INVENTION are funher useful as 
type IV PDE inhibitors, for example for the treatment of disease involving tissue calcium 
depletion, in particular degenerative diseases of the bone and joint involving calcium 
depletion, especially osteoporosis. In this regard they are funher useful for the treatment of 
allergic inflammatory diseases such as rhinitis, conjunctivitis, atopic dermatitis, urticaria and 
gastro-intesiinal allergies; as vasodilators, e.g. for the treatment of angina, hypenension, 
congestive heart failure and mulii-infarct dementia; and for the treatment of other conditions 
where inhibition of PDE IV is indicated, for example, depression, conditions and diseases 
characterized by impaired cognitive function including Alzheimer's disease, Parkinson's 
disease and stroke. 

Having regard to their ability to inicraci synergisiically with immunosuppressive and/or anti- 
inflammatory drug substances, AGENTS OF THE INVENTION are also useful as co- 
therapcutic agents for use in conjunction with such drugs, e.g. as potentiators of therapeutic 
activity of such drugs or as means of reducing required dosaging or potential side effects of 
such drugs. Drug substances with which AGENTS OF THE INVENTION may suitably be 
co-administered include, e g. cyclopcpiide, cyclopeptolide or macrolide immunosuppressive 
or anii-inflammaiory drug substances, for examples drugs belonging to the cyclosporin class, 
e.g. cyclosporins A or G, the drug substances tacrolimus (also known as FK 506). ascomycin 
and rapamycm and their various known congeners and derivatives, as well as 
glucocoriico.steroid drugs. Diseases to which such co-therapy may be applied include e.g. any 
disease or condition requiring immunosuppressive or anii-inflammaiory drug therapy, e.g. as 
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hereinbefore set fonh. In particular AGENTS OF THE INVENTION are suitable for use in 
co-therapy as aforesaid, e.g. for the purposes of immunosuppressive, anti-mflammatory or 
anti-asthmatic treatment, e.g. to achieve cyclosporin, e.g. cyclosporin A-, macrolide- or 
steroid-sparing effect. 

In accordance with the foregoing the present invention also provides: 

B. A method 

a) for the down-regulation or inhibition of TNF-a release, 

b) for the inhibition of PDE IV isoenzyme activity, 

c) of effecting immunosuppression, 

d) for [he treatment of inflammatory disease, or 

e) for the treatment of any particular condition or disease as hereinabove set 
fonh. 

in a subject in need thereof, which method comprises administering to said subject an 
effective amount of an AGENT OF THE INVENTION. 

The present invention also p'^ovides: 

C. An AGENT OF THE INVENTION for use as a pharmaceu.ical. for example for use 
in any method or in the treatment of any disease or condition as hereinbefore set fonh. 
e.g. as defined under A or B above. 

Dosages employed m practicing the present invention will of course vary depending, e.g. on 
the particular disea.se or condition to be treated, the particular AGENT OF THE INVENTION 
used, the mode of administration and the therapy desired. In general, however, satisfactory 
results, e.g. for the treatment of diseases as hereinbefore set forth are indicated to be obtained 
on oral administration at dosages of the order from about 0.01 lo 2.0 mg/kg. In larger 
mammals, for example humans, an indicated daily dosage for oral administration will 
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accordingly be in the range of from about 0,75 to 150 mg, conveniently administered Ix 
divided doses 2 to 4x daily or in sustained release form. Unit dosage forms for oral 
administration thus suitably comprise from about 0.2 to 75 or 150, e.g. from about 0.2 oi 
to 50, 75 or 100 mg AGENT OF THE INVENTION, together with a pharmaccutically 
acceptable diluent or carrier therefor. 



For use in the treatment of chronic or obstructive airways disease, e.g. asthma AGENTS OF 
THE INVENTION may also be administered by the inhaled route. Again dosages employed 
will vary, e.g. depending on the particular disease or condition, the particular AGENT OF 
THE INVENTION employed, the particular mode of administration (e.g. whether by dr>' 
powder inhalation or otherwise) and the effect desired. In general, however, an indicated 
inhaled daily dosage will be of the order of from about 2.5 to about 130.0 ^g/kg/day e.g. from 
about 1 3.0 to about 60.0 Mg/kg/day. For larger mammals, for example humans, an indicated 
daily dosage for administration by inhalation, e.g. in the treatment of asthma, will be in the 
range of from about 0.2 to about 1 0.0 mg, e.g. from about 1 to about 5 mg, conveniently 
given in one single administration or 2 or 3 separate administrations throughout the day. An 
appropriate dosage per administration will thus be of the order of from about 200 ^ig to about 
3.3 mg, with administration up to 3 times daily, suitably administered from a dry powder 
inhalation delivery device in a series of 2 to 8 puffs at each aununistration. 

AGENTS OF THE INVENTION may also be administered by any other appropriate route, 
e.g. by infusion, for example for the treatment of endotoxin shock; nasally, for example for 
the treatment of rhinitis; ocularly, for example for the treatment of autoimmune diseases of 
the eye; dermally, i.e. topically to the skin, for example for the treatment of dermatoses or 
p.soriasis; or rectally, e.g. via enemation or suppository, for example for the treatment of 
inflammaiory bowel di.sease. Suitable dosages for application by such routes will generally be 
of the order of 10 to lOOx less than those required for oral administration. 

Pharmaceutical compositions comprising AGENTS OF THE INVENTION may be prepared 
using conventional diluents or excipients and techniques known in the galenic art. Thus oral 
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dosage forms may include tablets, capsules and the like. Formulations for dermal 
adminisirauon may take the form of creams, ointments, gels, or transdermal delivery systems, 
e.g. patches and, in addition to inert diluents or carriers, may suitably contain skin penetration 
enhancing agents, again as known in the art. 

Compositions for inhalation may comprise aerosol or other atomizable formulations as well 
as inhalabie dry powder formulations, with or without diluent, for administration by any 
appropriate dry powder inhalation system as known in the art. For the preparation of dry 
powder forms for inhalation, AGENTS OF THE INVENTION are suitably employed m 
pharmaceuiically acceptable acid addition salt form. The said salt form is suitably milled, e.g. 
usmg an air-jet or ceramic mill to provide a finely divided inhalabie powder, e.g. having an 
average panicle diameter of ca. 2-3^. Appropriately at least 90% of the material will have an 
average panicle diameter of less than 7.8^1, more preferably of less than 4.8^1. In order to 
ensure obiention of an appropriate and consistent particulate product suitable for 
administration by inhalation in dry powder from, it may be preferable to effect milling of the 
active ingredient prcmixed with an appropriate inhalabie carrier medium, e.g. lactose, under 
conditions of reduced temp>erature. 

In accordance with the foregoing the present invention also provides: a pharmaceutical 
composition comprising an AGENT OF THE INVENTION together with a pharmaceutically 
acceptable diluent or carrier therefor, e.g. for use in any method as hereinbefore defined. 
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CLAIMS 



A (4-oxy-3-(aryI)phenyl) -azaryl or -aryicarbonyloxy compound, in free or 
pharmaceutically acceptable acid addition salt form, for use as a pharmaceutical 

A pharmaceutical composition comprising a (4-oxy-3-(aryl)phenyn -azaryl or - 
arylcarbonyioxy compound, in free or pharmaceutically acceptable acid addition salt 
form. 

The use of a (4-oxy3-(aryl)phenyl) -azaryl or -arylcarbonyioxy compound, in free or 
pharmaceutically acceptable acid addition salt form, for the preparation of a 
medicament for treatment or prophylaxis of inflammation. 

A method for the treatment or prophylaxis of inflammation comprismg administering 
an effective amount of a (4-oxy-3-(aryl)phenyl) -azaryl or -arylcarbonyioxy 
compound, in free or pharmaceutically acceptable acid addition salt form, to a subject 
in need of such therapy. 

A (4-oxy-3-(aryl)phenyl) -azaryl or -af7lcarbonyloxy compound, in free or 
pharmaceutically acceptable acid addition salt form, provided: 
that the 3-aryl moiety is not unsubstituted phenyl when, 

the arylcarbonyioxy moiety is phenyl-4-carboxylic acid or phenyl-4- 

methylcarboxylate, or 

the azaryl moiety is 5-methylihiazol-2-yl, or 
that the 3-aryl moieiy is not unsubstituted phenyl or 2-methoxyphen- 1 -yl when, 

the azaryl moiety is unsubstituted 2-quinoline or 2-quinohne substituted by 
methyl or phenyl at position 3 and/or by carboxy at position 4. 



6. A (4-oxy-3-(aryl)phcnyI)-azaryl compound according to claim 1 or 5. 
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A (4-oxy-3-(aryl)phenyl)-aryJcarbonyloxy compound according to claim 1 or 5 
A compound according to claim 1, 5, 6 or 7 of formula la or formula lb: 



wherein 

in formula la W is N or C-CO-R, 

wherein R is OH, 0-(C|.6)alkyl or NR3R4 

wherein R-, and R4 which may be the same or different are H or (C, 
6)alkyJ, or 

in formula lb Az is an azaryl group containing one or more nitrogen atoms, such a; 
quinolmc. isoqumiline, indole, imidazopyridine, e.g. imidazof 1 ,2-a]pyridine, 

and in both formula la and lb 

Ri is Ci.jalkyI, preferably methyl; and 

R: is a phenyl moiety, e.g., of formula II 



rein R. and R^ arc. independently, H, nitro, halo (e.g., chioro), triHuoromethyl, 




lb 




II 
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Ci^alkoxy, cyano, or phenoxy; or R5 and R6 together form a bridge of 3-5 atoms i 
length wherein the bridge atoms are selected from S, 0» N, and C, e.g. -OCH->0- ( 
propylene; 

or R: is a 2.5-cyclohexadien-3,4-ylidine-l-yl moiety, e.g., of formula III 




III 



wherein R7 and Rh together form an aromatic bridge of 3-5 atoms in length wherein 
the bridge aioms arc selected from S, O, N, and C, e.g., =N-0-N= ; 
in free or pharmaceutically acceptable acid addition salt form. 

A compound selected from the group consisting of 

4-[2-(meihoxy)-biphenyl-5-yl]pyridine, 

4-[2-(mcihoxy)-3*-(nitro)biphenyl-5-ylJpyridine, 

4-[2-(mciho\y)-3'-(trif]uoromethyl)biphenyl-5-yl]pyridine, 

4-(2-(mcthoxy)-3\4'-( propylene )bipheny!]pyridine, 

4-[4-(mcihoxy)-3-(benzofurazan-5-ylJphenyl]pyridinc, 

4-[2-(mcihoxy)-3'-(cyano)biphenyl-5-yi]pyridine, 
4-[2-(methoxy)-3'-(chloro)biphenyl-5-yl]pyridine, 
4-{2-(methoxy)-3\4'-(meihylenedioxy)biphenyl-5-yl]pyridine, 
4-[2-(mcihoxy)-3*-( phenoxy )biphenyl-5-y]]pyridine, 
4-(2-{meihoxy)-4*-( phenoxy )biphenyl-5-yi)pyridine, 
4-|2-(Methoxy)-3*-(chlor())-4'-(nuoro)biphenyl-5-yl]pyridine, 
4'-Metho\y-3*-(bcnzofurazan-5-yl)-[ i , 1 '-biphenyI|-4-carboxamide, 
4*-Methoxy-3'-(3-nitropheny])-[ M '-biphenyl]-4-carboxylic acid, ethyl ester, 
4'-Methoxy-3'-(3-niirophenyl)-[ J J '-biphenyl]-3-carboxylic acid, ethyl ester, 
4*-Mctho\y-3-mcthyl-3'-(3-niirophenyI)-( I , r-biphcnyI]-4-carboxylic acid ethyl ester, 
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3'-(5-Benzofurazanyl)-4 -methoxy-[l.r-biphenyl]-4-carboxylic acid ethyl 
3'-(5-Benzofurazanyl)-4'-methoxy-f 1.1 •-biphenyl]-4-carboxylic acid. 2.2- 



3'-(5-Benzofura2anyl)-4'-methoxy-(l.r-biphenyl]-4-cafboxylicacid. 
4--Methoxy-3'-(3-nitrophenyiHl.r-biphenyl]-3-carboxylic acid, 

4'-Methoxy-3-methyl-3--{3-nitrophenyl)-[I.r-biphcnyl]-4-carboxylicacid. 

3- -(5-Benzofurazanyl)-4 -methoxy-[I.r-biphenyl)-4-carboxylic acid. 
4'-Methoxy-3--(3-chlorophenyl)-[l.l •-biphenyl]-4-carboxyiic acid, and 
4'-Methoxy-3'-C3-cyanophenyl)-f 1 . 1 •-biphenyl]-4-carboxyIic acid. 

4- -Methoxy-3*-(3-nitrophenyl):(l.r-biphenyl]-4-carboxamide. 
4--Methoxy-3'-(3-nitrophenyl)-( 1 . r-biphenyl]-3-carboxamide. 

4--Methoxy-3-methyl-3--(3-nitrophenyl)-(I.r-biphenyl]-4-carboxamide. 
N-Methyl-4--methoxy-3--(3-narophcnyl)-r!,|--biphenyl]-4-carboxamide, 
6-(4-Methoxy-3-(5-benzofurazanyl)phenyl}imidazo[1.2-a]pyridine 
in free or pharmaceutically acceptable acid addition salt form. 

A process for the preparation of a compound according lo any one of claims 
comprising reacting a compound of formula I'a or I'b: 



wherein X is halogen or a leaving group and R,. W and Az are as defined in claim 8. 
with an activated aryl compound of formula lla or Ilia: 



dimethylpropyl ester. 




X 
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Y 




Ilia 



wherein Y is halogen (preferably bromine) or a leaving group, such as a lin or boron 
containing group (preferably -B(OH)2), and the R groups are as defined in claim 8; 
and recovering the resulting compound, in free or pharmaceuticaily acceptable acid 
addition salt form. 

1 . A compound of formula Ta or formula Vb: 




wherein X is halogen(preferabiy bromine) or a leaving group, such as a tin or boron 
containing group (preferably -B(OHh), and R,, W and Az are as defmed in 
claim 8. 



A method 

a) for the down-regulation or mhibition of TNF-a release, 

b) for the inhibition of PDE 4 isoenzyme activity. 
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c) of effecting immunosuppression, 

d) for the treatment of inflammatory disease, or 

e) for the treatment of any particular condition or disease as hereinabove set 
forth, 

m a subject in need thereof, which method comprises administering to said subject 
effective amount of an AGENT OF THE INVENTION. 
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